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DECISION MAKING USING CUBIC HYPERSOFT TOPSIS 
METHOD 


A. BOBIN*, P. THANGARAJA, H. PRATHAB AND S. THAYALAN 


ABSTRACT. In real-life scenarios, we may have to deal with real numbers 
or numbers in intervals or a combination of both to solve multi-criteria 
decision-making (MCDM) problems. Also, we may come across a situation 
where we must combine this interval and actual number membership values 
into a single real number. The most significant factor in combining these 
membership values into a single value is by using aggregation operators or 
scoring algorithms. To overcome such a situation, we suggest the cubic 
hypersoft set (CHSS) concept as a workaround. Ultimately, this makes 
it simple for the decision-maker to obtain information without misconcep- 
tions. The primary aim of this study is to establish some operational laws 
for the cubic hypersoft set, present the fundamental properties of aggrega- 
tion operators and propose an algorithm by using the technique of order 
of preference by similarity to the ideal solution (TOPSIS) technique based 
on correlation coefficients to analyze the stress-coping skills of workers. 


AMS Mathematics Subject Classification : 03B52, 03E72. 
Key words and phrases : Hypersoft set, cubic set, cubic hypersoft set. 


1. Introduction 


Zadeh [1] defined the logic of fuzzy set (FS), to handle uncertainty in science. 
This structure’s generalization and several theoretical extensions enabled the re- 
searchers to use F'S in various domains. It contains generalizations like interval- 
valued FS (IVFS)[2], intuitionistic FS (IFS) [3] and cubic set [4]. Molodsov’s 
[5] introduction of the soft set (SS) resulted in parameterizing the universal set. 
To get around the limitations of SS, Smarandache [6] introduced the idea of a 
hypersoft set (HSS). Chinnadurai et al. [7] suggested a cubic soft matrix (CSM) 
for ranking the alternatives. Chinnadurai and Bobin [8] proposed reversing the 
ranking approach and employing max-min operations in CSM. In addition to 
using the TOPSIS approach to address multi-criteria decision-making (MCDM) 
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issues, Zulgarnain et al. [9], [10] also proposed the ideas of intuitionistic hyper- 
soft sets and Pythagorean hypersoft sets. The existing works of [11], [12], [13] 
and [14] explains the concept of TOPSIS technique in detail . 

When the grades are a combination of interval and actual number grades for 
the provided qualities, CHSS proves to be a reliable method for predicting un- 
certainty. We present this study to show the significance of CHSS. To analyze 
the options based on cubic HSS (CHSS) data, we use aggregation operators and 
the TOPSIS technique based on correlation coefficient (CC). The whole field 
of study pertains to CHSS theory, associated development, and applications. 
Therefore, decision-makers assess the innovative technique proposed in this re- 
search and provide a practical solution. Furthermore, by applying the CHSS 
TOPSIS technique, we offer an appropriate workaround for analyzing workers’ 
stress-coping abilities. 


2. Preliminaries 


Let ¥ represent the universe, x; € ¥, P(4) be power set of V, N denote 
natural numbers. Let the closed interval of real numbers be denoted as [0,1]. 
C[0, 1] represent closed sub intervals of [0,1] and CY be cubic set (CS) over ¥. 


Definition 2.1. [4] A CS is represented as @ = {(Ko(x),Ka(x)), a € x}, 
where Ko(x) : & + C[0,1], Ka(x) : X > [0,1] . Ka(a) denote sub interval 
membership grades and Ko(x) represent the membership grades of the element 
a € X. The lower and upper grades of Ka(x) are given by Kg(x) and Keo(z). 


Definition 2.2. [6] Let 61, 69,...,4%, be attribute sets. The sub-attributes are 
OT = {Au, Ajo, eh Aip}, 62 = { Aoi, Joo, ads Aoq}, 24508 = { Ari, Aro, Ser Agr 
where l <p<2,1l<q<y,1<r<zandga, y, zEN, 6,96; = 9, 
i,j € {1,2,...,k} andi 4 7. Cartesian product of the attributes 61 x 09 x ...X dp = 
6 = {Atp x Aog X ... X Agr}, denote set of multi- attributes. A pair (®,6) is 
called hypersoft set (HSS) over V, if there exists a mapping ® : 6 > P(&) and 


denoted as (&, 5) = {(4,@(4))|4 € §,6(A) ¢ P(x)} 


3. Cubic hypersoft set 


We provide the definition of cubic hypersoft set (CHSS) and few properties 
of CC and weighted CC (WCC) of CHSS. 
Definition 3.1. A pair (9, 6) is called a CHSS over 1, if there exists a mapping 
®: 5 + C¥. CHSS can be represented as (@, 6) = {(4,@(4))|4 €6,6(A) € cut 
where &(A) = {(Ka4)(); Ke a)(2))|@ € X}, where Kay (2) :X& > C0, UY, 
Kgay(@) : & — [0,1]. Kg a)(x) represent closed sub intervals of [0,1] and 
K4)(@) denote the membership grades of the element z € V. The lower and 
upper ends of Ka dy(2) are given as Kg, 4)(2), Kaa) (x). 
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3.1. Correlation coefficient of CHSS. Let the two CHSS over ¥ be as below: 


(#1, 51) ={ (wi, (Ke, (4,) (#1) Ke, (A, (@2)] Ka, (A, (@i)) }and 
(B2, ba) ={(@is (Koy (Ay) (1) Keg A,) (C1 Koy (A,) (@0))}- 


Definition 3.2. The cubic informational energies of (®,, 61) and (®5, 52) are 
represented as 


(1,51) =p Ta [Kay (4,900) + Raya 0)? + Ray a, (e)")) (1) 


Ba, 80) = Ty [Kaa 4,00)? + Raga)? + Kays, eo]. @) 


Definition 3.3. The correlation measure between (®1,6,) and (@,52) can be 
represented as 


ox ((P1, 51), (Bz, 52)) =SZLy SL, [reaper * (Ko,(4,)(®)) + (Ke, (a,) (0) * Koy (A,) (#2) 
+ Kay Ay) (0)) * Rag 5,00]: (3) 


Proposition 3.4. Let (®1, 51) and (®2, 52) be two CHSS. Then, 
(i) ax ((P1, 61), (P1, 61)) = &(P1, 51) 
(ti) ax ((P2, 52), (P2, 62)) = (2, da). 


Proof. Straight forward 


Definition 3.5. The CC between (®,, 6) and (Po, 52) is represented as 


ax ((P1, 51), (f2, 62) 
/P(#1, 51) \/ (#2, 52) 


ac ((1, 51), (2, 52)) = (4) 


Proposition 3.6. The following CC properties hold good for the CHSS (#1, 61) 
and (Bo, 63). 7 2 

(i) 0 < ac((P1, 61), (G2,62)) <1; | : 

(tt) ac((P1, 51), (P2,52)) = ac((P2, 62), (P1,41)); 

(iti) If (®1, 61) = (Po, 02), then acg((#z, 61), (Bz, 62)) = 1. 


Proof. (i)We know that, ac((1, b1), (®,52)) > 0. 
So, let’s show that ac((f1, 61), (2, 02)) <1. 
ax ((P1, 41), (P2, 62) 
=e pe Zin1 (Ko, (A,) (©) - (Kepy(A,) (4) + (Ke, (A,) (*)) * (Koe5(A,) (%)) 
+ Kay (4, (00) * Koga, )(00))]: 


= Ei | (ny ayy) * Kanga, (20)) + Ray cag (@r)) * Rang ag (0)) 


+ (Ray (ayy(@0)* Koay) 
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+ (a, (aig (2)) * Korg ag) (2)) + Ry (44 (020) * Rng, (02) 
+ (Kay (Ay (82)) * Kang ag) (e2))) + 
+ (ay (4p) (n)) * Kang (yy (Om) + Ray (ay (nd) * Rang dy (n)) 
+ Kay (a4) (@0)) * Kang¢4y)(@e))]: 


By using Cauchy-Schwarz inequality 
ax ((P1, 61), (2, 52)? 


S Fs | { oy ayy)? + Kay (dg @a))? +--+ Kay (dyn) 


a6 
* 


x Bia [{ ng dy) (20))® + King yy (02))? + + Kang ay (end)? } 


Ko, (A,)(@1)) +r (Ke,(A,)(#2))” Tet Kaya, (en))? } 


(Ke,(a,)(@1))” vr (Ke, (A,)(#2))” cael (Kaya) en))? }] 


+ { Ragcdyy(@1))? + Reng dyy 22d)? +--+ Raga, (end)? } 


. { ®aqc4,)(e0))" oF (Ko, (4,)(#2))” eee (Kaya, en))? }] : 
ax ((L1, 61), (2, d2))? 


Spe Ti (Ko, (4,)(#4))* + (Ke, (A,) (#4) + Kea, (0))"| 


esa a [Koac5, 00? + Regd, (@)" + Kaa, )(0)"] 
= aK (1,61), (f2, 52)? < (G1, 51) x B(By, do). 
=> a ((®1,51), (2,59) < (1,51) x y/ P(G2, 53). 
ax ((P1,51),(P2,62)) <1. 
V 81,51) x P(H2,52) ; 
By Definition 3.5, ac((#1, 61), (P2,52)) <1 
Hence, 0 < ac((#1, 61), (P2, 52)) <1 


Proof. (ii) Straight forward. 


Proof. (iit) ac ((®1, 41), (G2, 6)) = Seg. Fon iach" 
Since, (®,, 61) = (Py, 52). 


ac((®1, 41), (®2, 62)) 


Pf Ther [Keg ay) (00)? + Raga) (20)? + Keg, )00)?| 


i{ {anaes [enaca, (eo)? + (Kay (A,) (es)? +(Ko_4,)(0))"] } 


xf {tear [Koa a, (o))? oF (Ko, (A,) (4)? #(Kay a, (0))?| \ 
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= ac((#1, 51), (G2, 62)) = 1. 


Definition 3.7. Let (®;,6,) and (,52) be two CPFHSS. Then, the CC be- 
tween (®1,0,) and (®262) is defined as 


ax ((P1, 51), (P2, 42) ; 
max {®(#1, é1), D(Po2, ba) 


ofc ((P1, 51), (P2, 62)) = (5) 


of ((P1, 51), (2, 62) 


wpe Zia [Coca (0) = (Koo (A,) (a) +(Ke,(4,) (#3) ss (Ko5(A,) (ti) 


+ (Ka, (Ag) (*)) * (Koga) (2) 


max { Of, TP [Kay (4,900)? + Raya (@)? Kay a, )(00)?], 


DP Bl | Oa 4) (60)? + Bag a) (2))?+Kagca,)(e))?| } 


Proposition 3.8. The following CC properties hold good for the CHSS. 
(i) 0 < ae((P1, 61), (P2,62)) <1; : 

(ti) oc ((P1, 61), (P2, 62)) = Ac ((Pa, 62), (Pr, 61); 

(itt) If (®1, 51) — (Po, 62), then ac ((f1, 61), (Po, d2)) =": 


Proof. (i) We know that, a ((#1, 61), (G2, 62) > 0. 
Let’s show that ac((P1, 61), (Po, d2)) < 1. 
ax ((F1, 61), (2, 62) 
=e pe Zin (Ko, (A,)(@i)) * (Kpy(A,) (4) + (Ke, (A,) (*)) me (Ko5(A,) (%)) 
ak (Ko, (A,) 2) * (Koya, (0))): 
Hoe [ (Ko cao(en) - (Koo (A,)(1)) a (Ko, (A,)("1)) * (Ke5(A,)("1)) 
+ (Kay (yy (80)) * Kanga, (01) 
+ (Wa, (py (2)) € Kang ay (2)) + Bing (5, (#2) * Reng dg (020) 
+ (Kay (4, (2)) * Kang ayy 2))) + 


a (ay c4,y(0)) * (Ko5(A,) (@n)) i (Ko, (A,)(@n)) * (Koo(A,)(@n)) 


+ (Kay (a4) (@n)) * Kag¢d,(@0))) } 
By Cauchy-Schwarz inequality, 
aK ((P1, 61), (L2, 62)) 
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= {ete [{ (eo, ca (ou)? + (Kay (Ay) (@2))” + + Katy (end)? 


7 { ®eyca)(e0))" + (Ka, (A,) (02)? +--+ Kay (a,y(en))? } 


7 { Kaa) (e0))" + (Kay (Ay) (#2))" + + Ko, (a,)Cen))* | * 
Poa [ {Kooi or)” + (Kp, (A,) 2) ae Sap Kond,y(n))} 


: { ®eoqcayy(e0))" + (Key (A, (02)? +--+ Kg ayy (en))? } 


NIK 


+ [Rag ayy (er))? + Kang ay (2)? + + Kay ayy (end)? }] b 

ax ((®1, 51), (P2, d2)) 
<{ 2p Sha (Wo, (4, (0)? + Baad)? + Koa @0)"| 

! 1 
x vee Vint (Ke,(A,) (@))” + (Ko(A,)(@i))” + (Koya, (0))"| \ aS 

m n 2 - 2 2 
< { (max{ 2p Sha [Ko ay) (00)? + Ray (0)? + Ray cay (00)"| 

7 1 
x pe Tie (Ko, (A,) (#4)? +Ko,(a,)(#)) + Kay aye)”. 


= max{ 27 57, |e, (4, (00)? + Bay ay 60)? + Kaa, (00)? 


x BEET, | King A.) (i)? + Kary A, (#8)? + (Koga, (e))"| : 


=> ax ((G1, 61), (®2, 62)) < marc{ #(0 6) x (02,5). 


s aK ((£1,51),(G2,62)) <1. 


max (1,51) x ®(B2,52) 


By Definition 3.7, ac ((®1,61), (G2, 2)) < 1. 
Therefore, 0 < ao((P1, 61), (Lo, 62)) < 1. 
Refer Proposition 3.6 for Proofs of (ii) and (iii). 


3.2. Weighted correlation coefficient of CHSS. Weighted correlation co- 
efficient (WCC) of CHSS are given in this section. Decision makers (DMs) use 
WCC to enable various weight values for criteria. Consider the weight vectors 
of alternatives and experts P = {P1,Po,...,Pm} and W = {Q1, Qy,..., Qn}, 
Pr, Q > 0 and L7, Py = 1, 3%, QO; = 1, respectively. 


Definition 3.9. Let (1, 61) and (@2, by) be two CHSS. Then, the WCC between 
(®,, 01) and (®2, 62) is defined as 


ox ((P1, 51), (2, 62) 


a ((1, 51), (2, 62)) = 
Pee OE Pee VP (®1, 51) /P(2, 52) 


(6) 
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acy ((P1, 61), (P2, 62) 
Vee1Pr (2ni2: taner (2) * Ka4(A,) (4) +h, (Ay) (#8) * Kay (A, (24) 


+Ko, (Ag) (wi) * Keo(A,) (es)| ) 


i[{2mr (2710: [ Ce, cay) (20))? + Ke, cayy(@)? +®a,ca,)(@0))?|) } 
<{{ emir (27105 |o4(4,) (60)? + Koga, (2)? + oq(4,)60)?] )f. 


Proposition 3.10. WCC properties hold good for CHSS. 
(i) O< acy ((P1, 61), (P2, 52) <1; . e 

(ii) Aw (1, 61), (Bo, 62) = acy, (Po, ba), (Py, 61)); 

(itt) If (®1, 51) = (Po, 62), then acy (Pi, 61), (Bz, d2)) = 1. 


Proof. Refer Proposition 3.6. 


Definition 3.11. The WCC between (@), 61) and (52) is defined as 


ak ((#1, 61), (®2, d2)) ; 
max { ®(1, 51), (#2, 52) } 


AG yy ((P1, 51), (B2, 62)) = (7) 


Ady ((1, 51), (B2, 62) 


Ep Pe (E81 Oe | Ko, ayy (#8)) * Kang dy (0) + Ray (4,9 (20) * Rng, (0) 


+ (Kay (a, (0) * Kag 4,9) ) 


max{ Bia Ps (210 [ocd (o))? Tj (Ko, (A,)(@i))” + Ko, ca,)(e)?| ) 

aaa Gar [o¢a, (od)? + Ko(4,)())” +(Kag(d,(0))| ) } 
Proposition 3.12. The following WCC properties hold good for CHSS: 
(i) 0S acy, ((P1, 61), (f2, 62)) <1; 


(it) acy ((P1, 61), (®2, 52) = Ay ((Po, 52), (Fi, b1)); 
(iii) If (®1, 01) = (2, 62), then acy, ((F1, 61), (2, 2)) = 1. 


Proof. Similiar to Proposition 3.6. 


4. Aggregation operators of CHSS 


Cubic hypersoft weighted average (CHSWA) and cubic hypersoft weighted 
geometric (CHSWG) operators by using operational laws are presented. Let p 
denote cubic hypersoft numbers (CPFHSNs). 


4.1. Operational laws of CHSS. 


Definition 4.1. Let ®,, = ((Ky1, Kai], Kir) and &,, = ([Ky2,Ki12], Ki2)) be 
CHSSs and 6 represents an integer. Then, 

(i) &.,, PLe,, = ([Ky+Ky.—-Ky Kyo, KuitKi2—-KiiK ia], (KiitK12—Ki1Kj2)); 
(ii) Diy ® Pe, = ([Ky:Ky9,Ki1K 19], (Ki1K12)); 
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(iii) 5e,, = ([(1— (1 - Kai)®, (1 — (1 — Kar)*], (1 — (1 — Ka)?); 
(iv) (Ber)? = ([(Kar)®, (Ki1)*], (K11)?). 


4.2. Cubic hypersoft weighted average operator. 


Definition 4.2. Let P, and Q; be weight vectors for alternatives and experts, 
with conditions that P,,Q; > 0 and L7PU,P, = 1,572,90; = 1 and &,, = 
((Kiz, Kin], ik) be a CHSN, where i = {1,2,...n}, k = {1,2,..m}. Then, 
A: p” > p, CHSWAO is represented as 


A(Ge., Pergy ory Pox )) = Drei Pr ( Bi 2:0...) . 


Theorem 4.3. Let ®.,, = ([Kiz,Kix],Kin) be a CHSN, where i = {1,2,...n}, 
k = {1,2,...m}. Then, the aggregated value of CHSWAO is also a CHSN, which 
is given by 

A(e1,, Pers, vig P ) 


>*e€nm 


Qi\ Pr _ \ WY) Px 
=([}= ten (atin (2a) 7) Tt ten (atin (2K) °) "] 
W\ Pr 
1 Hs (1 (1 - Ku) ) : 


Proof. Proof is similar to the Theorem 4.3 in [11] 


4.3. Cubic hypersoft weighted geometric operator. 


Definition 4.4. Let P;, and Q; be alternatives and experts weight vectors, with 
conditions that P;,,Q; > 0 and ©7*,P, = 1, 5,9; = 1 and ®&,, = (Kix, Ex) 
be a CHSN, where 7 = {1,2,...n}, k = {1,2,...m}. Then, G : p” > p, CHSWGO 


Qi Pr 
is defined as G(®_,,, Bey5, +; Perm) = Qpey (or, (2...) ) . 


Theorem 4.5. Let ®.,, = ((Kix, Kin], Kin) be a CHSN, where i = {1,2,...n}, 
k = {1,2,..m}. Then, the aggregated value of CHSWGO is also a CHSN, which 
is given by 


G (Pers Peras +) Penns) Nes Q2i\ P 2:\ P. 
=( [mie (mt (ea) 7) * ta (tea (Rin) ”) *] tea (atau) ”) *). 


Proof. Proof is similar to the Theorem 4.3 in [11] 


5. MCDM problem by using TOPSIS method 


Based on the minimum and maximum distances from the cubic positive ideal 
solution (CPIS) and cubic negative ideal solution, the TOPSIS technique as- 
sists in determining the optimum alternative (CNIS). Additionally, the TOPSIS 
technique accurately estimates the proximity coefficients when paired with CC 
rather than DMs. Finally, we present a case study to demonstrate CHSS TOP- 
SIS method. 
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5.1. Algorithm to solve MCDM problems with CHSS data. Let W = 
{W!,W?,...,W*} represent a set of workers. Let Y = {p1,p2,.-.,Pn} denote 
psychiatrists responsible to handle psychiatrist session with the workers. Let 
the weights be given as Q; = (Q1,Q2,...,Qn), Q; > 0 and Y,Q; = 1. 


Let 6 = { Ai, As, yA be multi-valued sub-attributes with weights P, = 
(P1,P2,.;Pm), Ph > 0 and X,P, = 1. The assessment of workers A’, 
(t = 1,2,...,2) performed by the psychiatrists p;, (¢ = 1,2,...,n) based on the 
multi-valued sub-attributes A,, (k = 1,2,...,m) are given in CHSS form, repre- 
sented as pt, = Ce el ky 

Step 1. Create multi-valued sub-attribute in CHSS format: 


A, As... An 

Pl Hil H12 eae Lim 

Qe t p2 M21 H22 tee Ham 
[Ww O|nxm = [Ww hax = : . man 

Pn Uni Un2 rarer Lnm 


such that [W4]Jaxm = ui, = (UR Kile a = 1,2,...,n and k =1,2,...,m. 
Step 2. Compute the weighted decision matrix for each multi-valued sub-attribute, 
[Wij.Inxm 


Qi\ Pr as 2i\ Pr 
-{p=m(i(224) "YP 1-1 (tta(1-¥.)°)) 
Qi\ Pr 
1 mp, (a, (1- Pas) ) ) 
=([kin Rin] in), 


Step 3. Evaluate the CPIS and CNIS for weighted CHSS according to the in- 
structions below: 


wr =( +R] ,c+) 


nxm 


= x%9), RO | f Kaa) ; 


vr af) 


=( cA, RD | ; Kap) 2 


where V;; = arg max; {i} and /\;; = arg min, {yi} : 
Step 4. Compute the CC for every possibility using CPIS and CNIS. 


t sere. oe ah ac(W*,Wt) 
x =ac(W WwW = and 
\/®(Wt) * \/(®W+) 
i ipet eae Wwtw- 
At =ac(W',W7) enw) 


7 / 2(W*) « \/®(W-) 


Step 5. Compute the similarity coefficient of the cubic ideal solution using the 
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FIGURE 1. Flowchart of the proposed method 


formula below: 


Step 6. Compare the e* scores to the norms provided in Table 1 and assess the 
amount of stress coping for each alternative A‘, (t = 1,2,...,7). To manage 
stress, an individual with low stress coping abilities may need the assistance of 
a psychiatrist. 


TABLE 1. Stress-coping norms. 


Scores Level 
0-0.55 Low 
0.56-0.70 Average 

0.71-0.90 Good 
0.91-1.00 Excellent 


The graphical representation of the proposed method is given in Figure 1: 


5.2. Application to analyze the stress-coping skills of workers us- 

ing TOPSIS method. Let W = {W!,W?,W?,W*} be a set of workers. 

Let Y = {p1,p2, p3, pa} represent psychiatrists for conducting sessions and the 

weights be Q; = (0.16, 0.28, 0.34,0.22) and P, = (0.26,0.32,0.14,0.28) . Let 

61, 62, 63 and 64 denote attribute sets. The respective sub-attributes are given 

below: 

61 = first stage = {Aj = reactivity to stress}, 

d2 = second stage = {A ; = ability to relax, A. = self-reliance}, 

63 = third stage = {A3) = proactive attitude, As. = adaptability and flexibility} 
and 
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64 = fourth stage = {A4, = ability to access situations}. Then 6 = 61 X by X 
63 X 64 is the distinct attribute set given by 
5 = 61 X 52 x 63 x ba = {Ari} x {Aa1, Aza} x {Ag1, Aso} x {Aa}. 


={(4n, Aoi, Asi, Mar), (A11, A21, Age, 41), (A11, A22, Agi, Aa1), (Air, A22, Azo, Au)}. 
={41, 42, da, dal 
We provide a workaround for a worker who may require the help of a psychiatrist 
to handle the stress effectively. 


Step 1. Construct W!, W?, W? and W* for each multi-valued sub-attribute in 
CHSS format. 


TABLE 2. W! values expressed in CHSS format. 


wi Ai Ao 

Pl ((0.64, 0.66],0.49) — ([0.91, 0.92], 0.81) 
p2 ((0.72, 0.75],0.55) ([0.52, 0.56], 0.25) 
P3 ([0.41,0.45],0.72) ([0.77, 0.79], 0.81) 
Ppa ([0.92, 0.93],0.56) ([0.77, 0.79], 0.71) 
w? A3 Aa 

pi ([0.36, 0.42],0.57) — ([0.48, 0.59], 0.69) 
p2 ((0.73, 0.75],0.55) — ([0.81, 0.83], 0.23) 
P3 ([0.42, 0.46],0.56) ([0.34, 0.37], 0.41) 
pa ([0.58, 0.62],0.49)  ([0.54, 0.57], 0.64) 


TABLE 3. W? values expressed in CHSS format. 


w?2 Ai Ao 

Pi ([0.35, 0.41], 0.55 ([0.56, 0.61], 0.71 
p2 ([0.21, 0.25], 0.32) ((0.51, 0.53], 0.24) 
P3 (0.43, 0.48], 0.45) ((0.35, 0.39], 0.43) 
Ppa ([0.57, 0.64], 0.65) (0.55, 0.59], 0.66) 
w2 A3 Aa 

Pl ([0.84, 0.91], 0.83) ((0.91, 0.94], 0.52) 
p2 ([0.48, 0.55], 0.24) ((0.71, 0.76], 0.58) 
P3 ([0.72, 0.78], 0.36) ((0.21, 0.24], 0.74) 
pa ({0.71, 0.75], 0.58) ((0.74, 0.75], 0.58) 


w' Ai A2 

Pi (0-46, 0.61], 0.71)  ([0.61, 0.62], 0.47) 
p2  {(0.14,0.17],0.22) (0.16, 0.17], 0.57) 
ps ((0.15,0.21],0.43) (0.21, 0.27], 0.77) 
pa (0.52, 0.59],0.66) (0.34, 0.48], 0.57) 
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Ww: 3 Aa 

pi (0.39, 0.44], 0.54) (0.51, 0.61], 0.68 
p2  ({0.24,0.29],0.34) — ([0.16, 0.19], 0.29) 
p3  ({0.46, 0.49], 0.44) —([0.38, 0.39], 0.44) 
pa __ ({0.62,0.63],0.64) — ([0.57, 0.59], 0.67) 


wt Ai Ao 

Pi (0.89, 0.92],0.79)  ([0.84, 0.92], 0.88) 
p2  {[0.51,0.56],0.24) (0.48, 0.56], 0.26) 
ps ({0.75, 0.79], 0.33) — ([0.72, 0.77], 0.44) 
pa ([0.45,0.46],0.56) ([0.81, 0.82], 0.61) 
wt As Aa 

pi ((0.56,0.66],0.77)  ([0.31, 0.44], 0.58) 
pe  ({0.89, 0.94], 0.25) — (0.35, 0.39], 0.38) 
p3 __ {(0.35, 0.49],0.44) (0.41, 0.47], 0.48) 
pa __{(0.55, 0.69],0.67) _ ([0.51, 0.65], 0.68) 


Step 2. Obtain W!, W?, W3 and W%, the weighted matrices for each multi- 
valued sub-attributes. 


TABLE 6. Weighted value representation in CHSS for W!. 


wi Ay Ao 

pi ([0.0416, 0.0439], 0.0276) ([ ] 

p2 ([0.0885, 0.0960], 0.0565) = ([0. ], 0.0254) 

P3 ([0.0456, 0.0515],0.1064)  ([0.1478, 0.1562], 0.1653) 
( lL, ({ ] 


pa 0.1345, 0.1411], 0.0459) 


wt A3 Aa 

Pi (0.0099, 0.0121], 0.0187)  ([0.0289, 0.0392], 0.0511 
pe  ({0.0500, 0.0529], 0.0308) —([0.1221, 0.1297], 0.0203) 
p3  {[0.0256, 0.0289], 0.0383) ([0.0388, 0.0430], 0.0490) 
pa  {[0.0264, 0.0294],0.0205) — ([0.0467, 0.0507], 0.0610) 


TABLE 7. Weighted value representation in CHSS for W?. 


Ww? Ay Ao 

Pl ({0.01780.0217], 0.0327) —([0.0412, 0.0471], 0.0614) 
p2 ([0.01700.0207], 0.0277) ({0.0619, 0.0654], 0.0243) 
P3 ([0.04850.0562], 0.0515) = ([0.0458, 0.0524], 0.0593) 
pa ([0.04710.0568], 0.0583) — ([0.0547, 0.0608], 0.0731) 


Ww A3 Aa 


| ieeetenree tae i Tp oases 
p3 __ ({0.0588, 0.0695], 0.0210) — (0.0222, 0.0258], 0.1204) 
(I ] ) «f ] ) 
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TABLE 8. Weighted value representation 


in CHSS format for 


w? 


Pl 


([0.0253, 0.0384], 0.0502) 
(0.0109, 0.0135], 0.0179) 
({0.0143, 0.0206], 0.0485) 
({0.0411, 0.0497], 0.0598) 


([0.0471, 0.0483], 0.0320 
(0.0155, 0.0166], 0.0728 
([0.0253, 0.0337], 0.1478 
(0.0288, 0.0450], 0.0577 


wees 


({0.0110, 0.0129], 0.0172) 
({0.0107, 0.0133], 0.0162) 
({0.0289, 0.0315], 0.0272) 
([0.0294, 0.0302], 0.0310) 


([0.0315, 0.0413], 0.0498) 
([0.0136, 0.0164], 0.0265) 
([0.0445, 0.0460], 0.0537) 
(0.0507, 0.0534], 0.0660) 


TABLE 9. 


in CHSS format for 


Ao 


([0.0877, 0.0997], 0.0629) 
([0.0506, 0.0580], 0.0198) 
(0.1153, 0.1289], 0.0348) 
([0.0336, 0.0346], 0.0459) 


([0.0896, 0.1213], 0.1029 
([0.0569, 0.0709], 0.0266 
([0.1293, 0.1478], 0.0611 
(0.1103, 0.1137], 0.0641 


were 


Aa 


([0.0182, 0.0239], 0.0324) 
(0.0829, 0.1044], 0.0112) 
([0.0203, 0.0315], 0.0272) 
([0.0243, 0.0354], 0.0336) 


([0.0165, 0.0256], 0.0381) 
([0.0332, 0.0380], 0.0368) 
([0.0490, 0.0587], 0.0604) 
([0.0430, 0.0626], 0.0678) 


Step 3. Evaluate the CPIS and CNIS from W!, W? 


TABLE 10. CPIS (W*) is represented by the weighted 


,W3 and W4. 


matrices. 

wt Ai A 

pi. (0.0877, 0.0997], 0.0629)  ([0.1160, 0.1213], 0.1029) 
p2  ([0.0885, 0.0960], 0.0565) — ([0.0636, 0.0709], 0.0728) 
ps3 __({0.1153, 0.1289], 0.1064)  ([0.1478, 0.1562], 0.1653) 
pa _ ([0.1345, 0.1411], 0.0598) —_ (0.1103, 0.1137], 0.0835) 
wt A3 Aa 

Pi ([0.0402, 0.0525], 0.0389) ([0.1023, 0.1184], 0.0511 
p2  ([0.0829, 0.1044], 0.0308) (0.1221, 0.1297], 0.0658) 
p3 _ ([0.0588, 0.0695], 0.0383) — ([0.0490, 0.0587], 0.1204) 
pa  ([0.0374, 0.0418], 0.0336)  ([0.0796, 0.0819], 0.0678) 
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TABLE 11. CPIS (W7) is represented by the weighted 
matrices. 


Ww Ai Ay 
([0.0178, 0.0217], 0.0629 0.0412, 0.0471], 0.1029 
p2  ([0.0109, 0.0135], 0.0327) —([0.0155, 0.0166], 0.0320) 
( 
( 


0.0143, 0.0206], 0.0179) 0.0253, 0.0337], 0.0243) 
0.0336, 0.0346], 0.0348) 0.0288, 0.0450], 0.0593) 


I~ ~~ ~~ 


w- As Aa 
({0.0099, 0.0121], 0.0389) ((0.0165, 0.0256], 0.0511) 
p2 ([0.0107, 0.0133], 0.0172) ((0.0136, 0.0164], 0.0323) 
([0.0203, 0.0289], 0.0107) ([0.0222, 0.0258], 0.0265) 
([0.0243, 0.0294], 0.0210) ([0.0430, 0.0507], 0.0537) 


Step 4. By using the values of CPIS and CNIS, compute the CC for the 
alternatives 


x1 = 0.9442, x? = 0.8953, x? = 0.8352 and x* = 0.9045. 


A = 0.7562, \? = 0.7957, A? = 0.8242 and A+ = 0.7963. 
Step 5. Derive the proximity coefficient of cubic ideal solution as below. 


ce! = 0.8139, c? = 0.6612, e? = 0.5162 and c+ = 0.6808. 


Step 6. Compare the scores with the norms given in Table 1 and determine the 
stress-coping levels. 


e! — Good, e? — Average, €? — Low and «4 — Average. 
=> W! — Good, W? — Average, W? — Low and W* — Average 


Hence, W? may require the help of a psychiatrist to manage the stress effec- 
tively. 


6. Conclusions 


We have presented the notion of CPFHSS and established a few of its features 
in this study. We have presented aggregation operators and a TOPSIS-based 
application for analyzing the stress-coping abilities of telecommuters. In the 
suggested TOPSIS technique, we have utilized CC instead of DMs to examine 
the proximity coefficients. To demonstrate the validity of the proposed model, 
we conducted a comparison analysis by replacing CC with existing DMs in the 
proposed method. In the future, we can extend this structure to several aggre- 
gate operators, combine CHSS with N soft set, and in various decision-making 
problems. 
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